provide adequate energy intakes. Moreover, no experimental studies are available on the possible interaction between these two major determinants of energy intake.
INTRODUCTION
Growth faltering occurs commonly among children in developing countries between the ages of 6 and 24 mos, when complementary foods are usually introduced into their diets (I). The primary explanations for children's poor growth during this period are insufficient or inappropriate dietary intakes and frequent infections. Complementary foods of appropriate energy and nutrient densities are needed in addition to breast milk to ensure adequate intakes for infants aged > 6 mo. Likewise, specially prepared diets are required for those children who have already been fully weaned from the breast. Despite the critical importance of appropriate child feeding to prevent growth faltering during this especially vulnerable stage of life, there is little available information that can be applied for the development of quantitative guidelines on the minimum feeding frequency and dietary energy density necessary to The children were fed by nursing aides who offered semisolid blended diets at one of four energy densities: 1.67, 2.93, 4.18, or 6.28 kJ/g (equivalent to 0.4,0.7,1.0, or 1.5 kcal/g) during sequential diet periods. The purees were spoon-fed three, four, or five times per day at regular intervals after a 10-h overnight fast, except for the lowest density diet, which was offered only four or five times daily. According to our previous studies (3) , total daily energy intakes from diets containing 2.09 kJ (0.5 kcal)/g stabilize by the fourth day of exposure and intakes from diets containing 4.18 kJ (1.0 kcal)/g stabilize by the second day. Thus, the two lower-density diets in the current study were provided for 4 d each during all dietary periods and the two higher-density diets were given for 2 d each. The full sequence of diet periods required 32 d of observation. Feeding frequencies were randomly ordered in different children and energy densities were randomly allocated within each permutation of feeding frequency. An example of the sequence of diet periods for one child is shown in Figure 1 .
The diets were composed of rice, full-fat dry milk (Leche Nido; Nestle, Lima, Peru), sugar, and a 1:1 mixture of soybean and cottonseed oils (Table 1) . Protein provided 12% of energy and carbohydrate provided 58% of energy. A vitamin-mineral supplement was also provided daily (Polyvisol; Mead-Johnson, Evansville, IN). Preliminary sensory evaluation trials were conducted to guide progressive modifications of the diets until they were similar with regard to taste, consistency, and appearance to a masked test panel. Carboxymethylcellulose and carrageenan (Montana Co, Lima, Peru) were added to the two lower-density diets and a-amylase (derived from Aspergillus o1)'Zae; Biocon Biochemical, Kinagleary , Ireland) was added to the two higher-density diets to match their consistencies (Table 2) . Flavoring and coloring agents were also added to standardize these organoleptic characteristics ( Table 2 ).
The test panel that completed the sensory trials was able to detect that the two diets with the lowest and highest energy densities were different from each other, but they were not able to distinguish these diets from the diets with intermediate densities. The remaining preparations could not be differentiated from each other. All diets were delivered from the metabolic kitchen to the study ward in coded containers. A sufficiently generous amount of food was prepared each day to ensure that intakes were never limited by food availability .The diets were offered according to a standardized protocol by which nursing aides fed the children until they refused further intake. The aides then waited 2 min before reinitiating the feeding. When the food was refused a third time, the meal was considered finished. The amount consumed was measured as the difference in the weight of the feeding bowl before and after the meal. Any spilled food was measured on preweighed towels and subtracted from the amount consumed. The duration of each feeding episode was also recorded.
In addition to these measurements, the children were weighed daily without clothes before the fIrst morning meal, by using a balance sensitive to 10 9 (Detecto Scale Co, Webb City, MO). Their clinical status was also assessed daily with regard to temperature, stool frequency and consistency, presence of vomiting, and other symptoms of illness. When intercurrent illnesses occurred, the study procedures were temporarily interrupted until all symptoms disappeared; the protocol was then reinitiated, beginning with the first day of the same dietary period when the illness occurred.
The sample size was estimated to pennit detectio~ of 15% intraindividual differences in total daily energy intake in relation to any pennutation of energy density or feeding frequency. This estimate was based on the observed mean (::t: SD) intakes during our previous studies (3), assuming a significance level of 0.05 and power (1-{3) of 0.80.
The major outcome variables were total daily consumption of the study diets by weight and by energy (g .kg body wt-l .d-l and kJ .kg body wt-l .d-l). These amounts were compared within individuals for each energy density to assess whether and when the intakes stabilized within each dietary period by using analysis of variance (ANOV A) with main effects frequency, day of diet period, and subject, along with a feeding frequency by day interaction (4). The mean intraindividual intakes, feeding duration, change in body weights, and number of stools were then separately compared by using ANOVAs with feeding frequency, energy density, and subject as main effects and a feeding frequency by energy density 5 interaction. Only data for day 2 of the two higher-energydensity diets and days 3 and 4 of the two lower-density diets were used for these latter comparisons because of the aforementioned experience regarding the number of days elapsed until intakes became constant (3). Additionally, each child was categorized as low or normal weight-for-length ( < -1 Z or 2:
-1 Z) at the beginning of each diet period and energy intake was examined by using ANOVA with feeding frequency, energy density, weight-for-length category, and subject as main effects and all interactions that did not include subject. Because dietary fiber (carboxymethylcellulose and carrageenan) was added to the lower-density diets, both to mask their identity and to maintain a constant consistency, it was necessary to determine whether these dietary components could have independently influenced the children's satiety. Therefore, a separate study was completed in nine children (of similar characteristics) to measure their consumption of the same 1.67-kJ (0.4-kcal)/g diet, which was provided with and without these substances. Flavoring and coloring agents were added to maintain similarity of these factors, although the consistencies of the two diets were markedly different. The diets were given five times per day for four consecutive days each in random sequence. The amounts consumed were examined by using ANOV A with presence of fiber, day of study, and subject as main effects, and a fiber-by-day interaction.~ sumption of the two higher-density diets decreased between days 1 and 2 of those diet periods (P = 0.03 for 4.18-kJ/g diet and p = 0.08 for 6.28-kJ/g diet). Although the study design does not pennit judgments about whether further declines in intake would have occurred if the higher-density diet periods had been extended, we found in our previous study with 7-d diet periods that intakes of a diet with an energy density of 4.19 kJ (1.0 kcal)/g were the same on all days of observation (3).
RESULTS
The characteristics of the children at the time of enrollment into the study are presented in Table 3 . As indicated, at the initiation of the first study period they were m~derately to severely stunted in relation to the reference data. 'Their mean weight-for-length Z score was just within the normal range of the reference population, with one-half of the children still having Z scores < -2.0 Z when they first entered the study.
Amounts consumed by day of diet period
The total energy consumption from the study diets was significantly correlated with the children's body weights (r = 0.29, p < 0.001). Therefore, all intake data are expressed in relation to the children's body weights to maintain the homogeneity of variance from one subject to the next. The mean amounts consumed of the study diets (g .kg body wt-l .d-l) are presented by the day of the diet period and energy density of the diet, with the feeding frequency controlled for ( Figure  2 ). Total intakes of the two lower-density diets increased significantly from day 1 to day 3 of the diet periods (P < 0.003 for both) but remained constant thereafter. By contrast, conAmounts coAsumed by energy density and feeding frequency The mean consumptions (g .kg body wt-l .d-l and kJ .kg body wt-l .g-l) of the study diets during the last half of each dietary period are shown by dietary energy density and feeding frequency in the two panels of Figure 3 . The mean amounts consumed (g .kg body wt-l .d-l) were significantly less with successively greater energy density of the diet (P < 0.001). When the energy density was controlled for, the total daily consumption was ~16% greater when the number of meals was increased from three to four per day (P < 0.001) and 7% more when the feeding frequency rose from four to five meals per day (P = 0.005).
Despite the increased amounts consumed of the lowerdensity diets, the total daily energy intakes were nevertheless significantly greater with the more concentrated diets were controlled for, the children consumed =63 kJ (15 kcal).kg body wt-l.d-1 more when they were wasted (weight-for-age Z score < -1.0) than when they were closer to nutritional recovery (P = 0.001 ).
(P < 0.001). As was noted with the amounts consumed, the energy intakes varied positively in relation to feeding frequency (P < 0.001). A test for nonlinearity indicated that the increase in energy intake that was observed with the change from three to four meals per day was significantly greater than that observed when the meal frequency was raised from four to five per day (P = 0.026). Contrary to our hypothesis, there was no clear evidence of a threshold of energy density after which further increases in total energy consumption ceased. Moreover, there were no significant interactions between energy density and feeding frequency. In other words, according to the statistical model, increased intakes occurred with each added meal regardless of the energy density of the diet and vice versa.
The data reported herein can be used to predict the minimum energy densities needed to achieve different mean total daily energy intakes, given particular frequencies of meals (Table 4) . For example, to estimate the minimum energy density needed to permit a mean daily intake of 452 kJ (108 kcal)/kg body wt, which is the average intake currently recommended by the World Health Organization (WHO) for 2-y-old children (5), energy densities of =3.00,2.35, or 2.15 kJ (0.72,0.56, or 0.51 kcal)/g would be required with feeding frequencies of three, four, or five meals per day, respectively. To assure that intakes are sufficient to meet the energy needs of nearly all children of this age (ie, 97.5% of the children), minimum energy densities that permit intakes 2 SD above the average recommended intake would be necessary. Assuming a CY of 12.5% in energy requirements (5), 2 SD above the average requirement of children in this age range would be 565 kJ (135 kcal) .kg body wt-1 .d-l.
This amount of energy could be consumed on average from diets having a density of ?; 5.05, 3.48, or 2.88 kJ (1.21,0.83, or 0.69 kcal)/g if three, four, or five meals, respectively, are consumed each day (Table 4) .
Duration of feeds, weight gain, and stool frequency
On average, = 15-20 min were required per meal for the children to reach satiety. The total amount of time required to feed the children each day was a direct function of the number of meals served (P < 0.001, Figure 4 ) and did not vary by the energy density of the diet. Interestingl y , the children consumed a significantly greater amount of food per minute when they received fewer meals per day (P < 0.001) and when the diets were of lower energy density (P < 0.001).
The children's weight gains varied markedly during the relatively brief diet periods. Although they tended to gain more weight with the higher-density diets, this relation was not statistically significant (P = 0.25). There was a marginally significant positive relation between the number of meals and rate of weight gain (P = 0.043). The mean daily stool frequency varied significantly with the number of meals (P = 0.005) but was unrelated to dietary density (P = 0.40).
Effect of fiber-containing diets
As with the study described above, there was a significant increase in intake during the first 3 d of observation of the two low-density diets provided with and without added fiber, but not thereafter (Table 5) . Notably, total intake of the diet was =10% more with the fiber-containing diet (P < 0.001) but there was no difference between diets in the total duration of the meals. The children lost somewhat more weight with the fiber-free, low-density diet, although these differences were not statistically significant (51 compared with 27 g/d, p = 0.17).
and they had slightly lower stool frequency with the fiber-free diet (1.6 compared with 2.3 bowel movements per day. p = 0.003).
Consumption by nutritional status
The average daily energy intakes by the children in the study population were considerably greater than the recommended intakes for this age group (5), possibly because the study children were still recovering from malnutrition. To examine this possibility, the children's daily energy intakes were compared by their weight-for-length Z scores at the beginning of each diet period. When meal frequency and energy density DISCUSSION Weaning-age children in developing countries frequently consume substantially less energy than is currently recommended for their age and body weight (6) (7) (8) (9) (10) (11) (12) . Possible reasons for these meager intakes are low energy densities of their diets, TABLE 4 Density required to attain given intake at various feeding frequencies I X :t SD; n = 9. For composition of diets, see Tables 1 and 2 . intakes differed significantly by fiber content of diets and day of diet period, p < 0.001 (ANOV A). Means for days of diet period were all significantly different from each other except days 3 and 4, p < 0.05.
have found that energy consumption by children in this age group differed according to the viscosity of their diets. Despite our attempts, not all dietary factors could be simultaneously matched. As previously stated, for example, the amounts of dietary fiber and the amounts of flavoring agents had to be varied to adjust major organoleptic factors. Thus, it is conceivable that these additives may have independently affected dietary intake. For this reason we examined separately the possible effects of carboxymethylcellulose and carrageenan and we found that they were, indeed, associated with slightly increased intakes of the low-density diet. However, this difference was not large enough to account fully for the differences in intake that were observed in relation to energy density in the first-round studies. Thus, we attribute the increased consumption of the lower-density diets in the first set of studies primarily to these diets' reduced energy contents rather than to their contents of carboxymethylcellulose and carrageenan.
The effect of fiber-containing diets in the present study differs from the results of some previously published studies of adults, which suggested that some types of dietary fiber tend to reduce energy intake (23) . Possible explanations for these contradictory results are differences in the types and amounts of dietary fiber offered, variable sensitivity of children and adults to dietary fiber content, differences in preexisting nutritional status, or greater response by the children (or, possibly, the nursing aides because these diets could not be masked) to the consistency of the diets than to their content of fiber. Moreover, it is possible that differences in the palatability of the two diets contributed to the observed differences in intake because the fiber-containing diets did seem to have a slightly more intense flavor, although this was not studied systematically.
The number of days scheduled for each diet was estimated to be the minimum number that would allow the children to achieve a stable intake. Our previous studies indicated that this number of days varied according to the energy density of the diet, with more days needed to adapt to lower-density diets (3). The current results are compatible with the former observations, although we cannot discard the possibility that further adaptation to the higher-density diet might have occurred with more days of observation. Nevertheless, by restricting the analyses to the last day of the higher-density diet periods and the last two days of the lower-density diet periods, most of the variability attributable to adaptation to the diets should have been removed.
The results of the present studies indicate that the children were able to adjust their intakes to compensate in part for the different energy densities of the diets. Similar conclusions have been drawn in earlier studies of younger infants (24) , older preschool children (25) , and other recovering malnourished children (3) . Despite the children's apparent attempts to adjust intakes in response to changes in energy density, their total energy intakes still differed according to the energy densities. Surprisingly, there was no evidence of a plateau in intake at the higher densities. This may be because either the children had not satisfied their physiological needs for postmalnutrition compensatory growth, even with the highest-density diet, or because the adaptive decrease in intake with higher-density diets is not perfectly regulated. It is unlikely that the former explanation is entirely correct because the children consumed substantially greater volumes with the lowest-density diets than insufficient numbers of meals per day, limited caregiver encouragement or assistance with eating (13, 14) , and poor child appetite (15) .
With regard to energy density, studies in West Africa indicate that cereal porridges ("paps") contain an average of only 1.05-1.25 kJ (0.25-Q.30 kcal)/g (16) . Assuming an intake of 1.38 MJ (330 kcal) from breast milk. a 12-mo-old infant weighing 10 kg would need to consume =2800 9 pap with an energy density of 1.05 kJ (0.25 kcal)/g to satisfy the 4.2-MJ (1030 kcal) daily energy intakes recommended gy the WHO (5) . Considering that the maximal gastric capacity of a child of this age might be =40 g/kg body wt, or 400 g/meal (3), a total of at least seven me;1ls per day would be necessary in addition to breast-feeding to 'provide the recommended energy intake. Constraints on caregivers' time make it unlikely that this number of meals could be provided to most children ( I ). Thus, foods of greater energy density are needed to overcome this constraint to adequate intake.
The present research was carried out to provide quantitative information on the relations between dietary energy density, feeding frequency, and total daily energy intake under controlled study conditions. The research protocols were. conducted in a metabolic unit and the diets were fed by trained caregivers using standardized feeding procedures. This enabled us to avoid the possibly confounding effects of different feeding behaviors on the children's intakes. On the other hand, this study design obviously eliminated the possibility of examining the effect of the caregivers' behaviors, so future studies under natural conditions will be necessary for this purpose.
The diets themselves were carefully prepared according to precise specifications following a series of preliminary modifications to remove, to the extent possible, any differences in composition or organoleptic characteristics that could have influenced intakes. The macronutrient profiles were identical in all diets, and after the addition of small amounts of flavoring agents and nonenergetic sweeteners, the tastes and appearances of all but the two diets with extreme energy densities were judged to be similar by a masked test panel. The adjustments in the tastes of the diets were deemed necessary because earlier studies in young infants indicated that their intakes varied in relation to sweetness of the diet (17) . The consistency of the diets was also standardized by the addition of fiber to the lower-density diets and amylase to the higher-density ones because some ( 18, 19) , although not all (20) (21) (22) , former studies with the other ones. Thus, they would have been physically capable of consuming more of the intermediate-density diets if they had not satisfied their energy needs.
As indicated above, specific guidelines are needed on the minimal energy density that will satisfy children's theoretical energy requirements. These recommendations can be set at different values, depending on the assumptions used. If we decide that the minimum recommended energy density should be sufficient to ensure that nearly all fully weaned children can satisfy their energy needs from a mixed diet, the target intake would be set at 2 SD above the mean requirement for all children of a particular age. The current recommended daily energy intakes for children from 6 to 24 mo of age range from 400 to 452 kJ (95 to 108 kcal)/kg body wt, depending on age, and the cy in energy requirements is assumed to be 12.5% (5) . The minimum energy density that is required to permit the average child to consume different amounts of energy are shown in Table 4 . The most conservative approach to establishing suitable recommendations would be to recommend whichever energy density would ensure that fully weaned children can consume enough to satisfy the energy requirement of nearly all children of this age range. This implies that an energy density ~ 5.05 kJ (1.2 kcal)/g diet should be promoted if only three meals per day can be ensured. Alternatively, an energy density of 3.48 kJ (0.83 kcal)/g diet would be sufficient if most children receive at least four meals per day.
The tentative recommendations proposed herein must be accepted with some degree of caution because of the nature of the children in the current study. The children's energy intakes were greater than the theoretical energy requirements for children in this age range (5), although consistent with previous reports for recovering malnourished children (26) . The signif-K:ant reduction in energy intakes that was observed when the children's weight-for-length Z scores reached ~ -1.0, supports the idea that the high intakes were due at least in part to the children's preexisting malnutrition. Thus, it is conceivable that the children's general patterns of consumption may have differed from those of otherwise healthy children of the same age. For this reason, additional information should be collected from nonmalnourished subjects. Further studies are also needed to examine these issues in children who are still breast-feeding. D
